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Patent Claims 



1 This invention relates to the use of hypo-oncotic aqueous solutions containing 
electrolytes and chemically modified, high molecular weight crosslmked 
hemoglobin, for the treatment of acute pulmonary edema. 

2 Use in accordance with Claim 1 , characterized by the fact that chemically 
modified hyperpolymeric hemoglobins are human, porcine or bovine. 

3 Use in accordance with Claims 1 or 2 characterized by the fact that the 
' oncotic pressure in aqueous electrolyte solution is less than 5 mbar. 

4 Use in accordance with the Claims 1 to 3 characterized by the fact that 
sodium chloride is contained in a concentration between 50 and 150 g/L. 

5 Use in accordance with one of the Claims 1 to 4 characterized by the fact that 
' electrolytes corresponding to the physiological milieu are contained. 

6 Use in accordance with one of the Claims 1 to 5 characterized by the fact that 
to the modified hyperpolymeric hemoglobins a polyatkylene ox.de «s covalently 
bound. 

7 Use in accordance with one of the Claims 1 to 6 characterized by the fact that 
the aqueous solution is administered as intravascular injection. 

8 Use in accordance with one of the Claims 1 to 7 characterized by the fact that 
the aqueous solution is administered one or more times. 
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Use of Hypo-oncotic Solutions of Hyperpolymeric Hemoglobins Which are 
Addable to the Blood for the Treatment of Pulmonary Edema 



Description 



Object of this Invention 

This invention relates to the use of hypo-oncotic aqueous solutions of aqueous 
molecularly dispersed, chemically modified high molecular weight crosslinked 
hemoglobin, so-called hemoglobin hyperpolymers, for the symptomatic, primarily 
life-saving treatment of acute pulmonary edemas. Their administration is 
performed intravasculariy in particular. Surprisingly, additive administration can 
be performed since pursuant to the invention the colloidal-osmotic (= oncotic) 
pressure of the blood is raised only slightly and the blood volume is therefore 
hardly increased at all. The administration pursuant to the invention is thus 
(almost) volume-neutral related to the blood into which injection is performed. 
Thus a hyperpolymeric hemoglobin derivative is used therapeutically for the first 
time as a blood additive for the treatment of pulmonary edema. 

Background of the Invention 
1. Artificial Oxygen Carriers 

Artificial oxygen carriers / transporters are an extremely heterogeneous 
arouo of substances. Their name-giving characteristics are their ability to bind 
natural oxygen in the form of molecular dioxygen (0 2 ) reversibly or to dissolve it 
- thus, in principle, they have a property in common with the natural oxygen 
carrier / transporter in the blood, hemoglobin (red blood pigment) that occurs in 
the erythrocytes (red blood cells) - as well as their potential usefu ness as 
pharmaceuticals to be administered intravasculariy (thus usually intravenously), 
or in other biomedical applications. 

(A comprehensive review (state of the art) in; RIESS J. G.. "Oxygen Carriers 
("Blood Substitutes") - Raison d'Etre, Chemistry, and Some Physiology 
Chemical Reviews 101 (2001): 2797-2919; a review of many hemoglobin 
derivatives in: VANDEGRIFF K. D.: "Haemoglobin-based Oxygen Carriers : 
Expert Opinions on Investigational Drugs 9 (2000): 1967-1984). 
The known oxygen carriers differ both with respect to their nature and with 
respect to the resultant physicochemical properties and their usability. 
Thus perfluorocarbons are immiscible with and insoluble in aqueous solutions, 
such as blood plasma. However, they can be emulsified therein in the form of 
finely dispersed droplets (stabilized with emulsifiers). Liposomes filled with 
natural or artificial oxygen carriers are also emulsified or suspended. These are 
vesicles (artificial cells or also artificial erythrocytes) surrounded by a 
phospholipid double layer membrane. 

Hemoglobins, their derivatives obtainable by chemical modification as well as 
isolated and necessarily chemically modified heme groups can be dissolved 
freely in the aqueous phase (in plasma, for example). 
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The molecular structure of artificial oxygen carriers determines their method of 
administration, especially whether they can be substituted as a replacement for 
missing blood, or whether they can be added to existing blood as an additive . 
Products described up to now are intended to be oxygen-transporting plasma 
substitutes or a plasma replacement fluid to fill up the vascular system partially 
drained by "acute hemorrhage or by blood withdrawal, which in contrast to the 
known (non-oxygen-transporting) plasma substitutes also restore another 
essential function of the blood, namely oxygen transport. 
Perfluorocarbons and liposomes do not dissolve in aqueous blood plasma; as a 
distinctly separate emulsified or suspended phase of their own, they have and 
they occupy a certain volume, and therefore they seem suitable in pnnciple for 
the mentioned purpose as oxygen-transporting plasma substitutes, but not, 
however, as additives to the blood since they necessarily increase its volume. 

To be appropriate as a replacement for missing blood, oxygen-transporting 
plasma substitutes comprising hemoglobins or their derivatives, obtained by 
chemical modifications, which are freely dissolved in an aqueous phase have to 
be both isotonic (tonicity is a relative measure of osmotic pressure) and isoncotic 
(= iso-oncotic; oncoticity is a measure of the oncotic (= colloidal-osmotic) pressu- 
re) with the blood plasma. To achieve isotonicity. such artificial oxygen earners 
are usually dissolved in an electrolyte solution that resembles the blood plasma 
electrolytes. 

To date the hemoglobin derivatives developed (and published) as artificial 
oxygen carriers themselves induce iso-oncoticity in pharmaceutical preparations. 
Their molecular design conforms to the clinical requirement for .so-oncot.c.ty, 
which is achieved by means of a sufficient number of oncot.cally active drug 
molecules. 

For this reason, such freely dissolved hemoglobin derivatives are also very 
Darticularly proposed for use in case of (severe) blood losses. They are only 
very conditionally usable (namely extremely limited in amount/dose) for med.cai 
indications without blood loss, since, because of their above-rrientioned 
properties, they necessarily increase blood volume by the volume of the.r 
injected or infused pharmaceutical preparation. 

LSCS^ be used as additives to treat oxygen deficiency, 
hey should^ave a sufficiently low colloidal-osmotic pressure (cf Barn.kol W. K. 
R et al (1996): "Hyperpolymeric Hemoglobins as Artificial Oxygen Carriers - 
AnTnLative Approach to Medical Development", Therap.ewoche gr. 811-815). 
The?have beerf conceived as artificial oxygen carriers to incase heoxygen 
transport capacity of existing blood when no blood loss is to be replaced^ To 
ensure that hemoglobin hyperpolymers, after injection or .nfus.on do not 
S increase the volume of circulating blood (but 
and the salts of their preparation are extensively excre ed again ^ugh «ie 
k irinevs^ the oncotically active number of drug molecules has to be reduced as 
^X^S^oL end, the hemoglobins are crosslinks and polymerized 
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chemically (by means of polyfunction* or bifunctionat crosslinking agenta). In .this 

have which effects on the properties of the overall product. 

An eCaTan thermal fluid accumuiation in the intercellular space 
SnteSum) Pu^onary edemas are a frequent M SSttS^eSSi* 
a life-threatening impairment of health, which results in death in severe cases 
rS2e principally between cardiac <«*~^!^ tS, y 

STytSyTsymptematic with regard to the life-threatening impact of 

«97 teo* fw^ube?CH Meinertz T, Zeidler H (Ed.): Gross • Scholmerich • 
D^lnnere Medizin. ^ K «"^^^^^^« ' 

Fischer, Munich and Jena 2000). 

treated and mortality reduced with such solutions, 
fn p'anSa, the aqueous solutions are solutions containing electrolytes. 
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The chemically modified oxygen carriers used pursuant to the invention originate 

i These known methods are therefore incorporated here 

with different chain lengths (molecular weigm s)canu« , 
example reduce * 

^X p%^'~ Mering^cVrUes of Proteins to Enhance The.r 
Ta Deferred embodiment, a macromoieoule, especially a polyalkylene oxide, is 

DE (OS) 100 31 740. Of (° S > 1 ^ v 1 3 ^t polymenzed products (intermolecular 
S^SS^T^^ withUalKylene oxides, has 

^nSSentPodirnen,, m -Jjg^g^ 

out, if desired, with *• 
or 2-nor-2-formylpyr,doxal 5-pho^hate 0™ a ™« c " eactive effectors of 
reaction can also occur ir i the >P«»«"* of chem ca nyu hat 
oxygen binding, such as ^^^Xm^^ reason and medium 
SEEK ^^0^ Known and are desedbed as 

oxygen carriers that are ^ymenzed * adjene 
bifunctional crosslinkers known ^'"f™°^X^ameSylene diisocyanate, 
diepoxide. divinyl sulfon* disocya «*^!3«SSlJwte acid, di-N- 
cyclohexane diisocyanate, and 2>hB^y?h«r» rticuterty g| y0 xal, the 
hydroxysuccinimidyl ester, dnm.doester o products are then 
similarly reactive «W »£*3^ffi35blt 
linked in particular with a P^*W e ™ ° e polyethylene oxide, 
macromolecules. Among them for exampte ^are po lyetny ^ ^ 

polypropylene oxide, or a ^'^..tKSe^ for thecovalently linked 

Date 
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The preparation of such modified oxygen binders is described in the 
aforementioned German Patent Applications and is incor P o ; ated H here '" enat . 
Very highly preferred are hyperpolymers that are prepared from deoxygenated 
porcine hemoglobin with glutaratdehyde as the Afunctional crossl.nker and 
polyethylene glycol as the covalently bonded macromolecule for surface 
modification- see DE 100 41 740 A1 or DE 100 41 744 A1 
P^Z^erton it has been found that hamoglo^^ 
an (averaqe) degree of polymerization that is large enough for it to be able to be 
XrSKtottle blood as an artificial oxygen carrier as a therapeutic b ood ad- 
ditive (without increasing the blood volume more than slightly, see above) are 
suitable if they produce only a certain low oncotic pressure in an aqueous 
electrolyte solution. This is related to the appropriate average degree of 
p«ation (or to the proportional molar mass of ^^^^ ec ^ e 
hemoglobin. This involves the number average, because the number of effective 
mnlpcules is responsible for the oncotic pressure. 

jtS ft has been found that the mentioned hyperpolymers are appropriate 
when Te ft d^ri of polymerization is high enough for the oncohc pressure o 
Solutions to be below 5 mbar with the therapeutic concentrates of the chem,- 
caCmod^ high molecular weight crosslinked hemoglob ins ,n an aqueous 
mpriium containinq electrolyte (with no other macromolecules). This is about vr 
Snd thusTss than 15%) of the oncotic pressure of human blood plasma, which 
f lr,^?mbar (admin stration of amounts of hemoglobin hyperpolymers that 
produt me memSoS t'h entpeutic concentrations in Wood plasma therefore lead 
to increases of blood plasma volume of no more man about 1 5 /o). 
FoT£SK<STthS oncotic pressure (tw) can be calculated according to the 
flwfng e^uS 'from the molar mass (M) and the content (^^^ 
concentration c*) of the dissolved colloid, the universal gas constant (R) and the 
absolute temperature (T) 

Tlonc = C m ■ R " T • M" 1 - 

'h^vS^td^ of oncotic pressure ,o larger 

mmmm 

mass of S 000 g/mole is calculated (the following values are take" from the 
Txperlntaily determined curve , o. «~ S^—es. from 

rrr^aSgi^ 

experimentally determined actual molar mass is only 320,000 g/mole. 
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Very especially preferred are modffied hemoglobins of the 
aoueous electrolyte solutions exhibit an oncotic pressure of less than 2 rnbar 
sS e ataqueous electroiyte solutions for the use pursuant to the in ventron of 
hemoolobin hvperpolymers are all solutions with compositions of salts that 

Germanv (including EU Licenses and certain Medical Products), ECV, Auienaon 
^(^^ 52. -52. infusion and Standard Injection Solutions, Organ 
perfusion Solutions"). These are known. 

S lei are aqueous ^^^^TZS^ 
sodium chloride in a concentrat.on between 50 and 150 g/L, espec.aiiy 

100 g/L 

Thus it is surprisingly possible to improve clinically the severity of acute 

mmmwm 

me desired therapeutic emM n ith. Mood plasma and* ^ s0 

R Date 
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of about 50 to 60 g/L, already unwanted for other reasons, especially the 
increased viscosity of the blood plasma, is again exceeded only with 
consideration of the result of an especially cautious and critical risk-benefit 
analysis for the patient. The initial therapeutic concentration in the blood plasma 
(c m Hb(PL)) achievable after administration can be estimated from the following 
equation from the administered dose of hemoglobin hyperpolymer (mHb) and the 
volume fraction of erythrocytes in the blood (the hematocrit: HCT), and the body 
weight of the patient (BW): 

c m Hb(PL) = mHb-(BV-BW-(1-HCT))- 1 

using 60.5 mL/kg (BW) (57 ... 64 mL/kg (BW) as an average value for the blood 
volume (BV) for women and 69.5 mL/kg (BW) (69 ... 70 mUkg (BW)) for men. 



Preparation of the Agent to be Used Pursuant to the Invention 
The agent used is prepared simply by introducing the suitable hemoglobin 
hyperpolymer(s) into aqueous electrolyte solutions, especially aqueous (sterile) 
electrolyte solutions that contain the electrolyte(s) in the amount(s) mentioned. 
The hyperpolymers are molecularly dispersed and can be administered 
immediately as described, especially by injection. 

Examples . , „ „. 

The invention will be explained in further detail using the following examples. 

The Figures 1 - 3 show the following: 

Fiqure 1 shows, by way of example, the dependence of the oncotic pressure 
(TTonc) of a solution of a chemically modified, high molecular weight, crosslinked 
hemoglobin (an HP 3 Hb (pegylated porcine hemoglobin hyperpolymer), batch MR 
A-A) used pursuant to the invention for the improved treatment of acute 
pulmonary edema, versus its weight concentration (c^b) in an aqueous sodium 
chloride solution with a concentration of 80 g/L. 

Figure 2 shows the efficacy of chemically modified high molecular weight 
crosslinked hemoglobin (shown by way of example for an HP 3 Hb, batch MR A-A) 
for the improved treatment of acute pulmonary edema, in this case as the 
survival time often anesthetized rats after inducing a lethal toxic pulmonary 
edema (by injection of oleic acid), of which five animals had the drug added to 
their blood for treatment. 

The Following Materials Were Used: 

1 The chemically modified high molecular weight crosslinked hemoglobin was a 
pegylated porcine hemoglobin hyperpolymer (an HP 3 Hb, batch MR A-A) that was 
prepared aseptically (on a laboratory scale) principally in accordance with DE 
(OS) 100 31 740 A 1 Specifically, the batch MR A-A was obtained by Preparafive 
ultrafiltration from a mixture of the artificial product batches MR 14, MR 15, and 

MR 1 14: Sterile, high-purity porcine hemoglobin dissolved at a ^n^centrat.on of 
289 g/L in an aqueous electrolyte with the composition 20 mM NaHC0 3 and loo 
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mM NaCI, was deoxygenated at 4° C by stirring the solution under continuously 
replaced pure nitrogen; 4 moles of sodium ascorbate per mole of hemoglobin was 
added (as a 1 molar solution in water) and was allowed to react for about 15 
hours; the solution was titrated to a pH of 5.7 with 2 molar lactic acid; 2 moles of 
inositol hexaphosphate per mole of hemoglobin was added (as a 0.25 molar 
solution in water); the mixture was titrated after approximately 1 hour to a pH of 
6 5 with 2 molar lactic acid; 9.9 moles of glutaraldehyde per mole of hemoglobin 
was added (as an approximately 1.9% solution in deoxygenated water) over a 
period of 1 .5 hours to crosslink the hemoglobin; 1.8 L of water that had been 
equilibrated with nitrogen was added per liter of initial hemoglobin solution; the 
mixture was titrated after 20 hours to a pH of 6.9 with 0.5 molar sodium hydroxide 
solution- 20 moles of sodium borohydride per mole of hemoglobin was added (as 
a 1 molar solution in 0.01 molar sodium hydroxide solution) and was allowed to 
react for 15 minutes; 4 moles of methoxysuccinimidyi propionate-polyethylene 
glycol with a molecular weight of 1000 g/mole was added (as an about 25% 
solution in water) and was allowed to react for 1 hour; and finally the nitrogen 
atmosphere was replaced by pure oxygen and allowed to equilibrate for 1 hour. 
Undissolved constituents were separated out by centrifugation ( 1 0 mm at 
20,000 g), and the supernatant solution was filtered for further clarification through 
filters of decreasing pore size, down to 0.2 urn at the end. 
MR 1 5- Sterile, high-purity porcine hemoglobin dissolved at a concentration ot 
281 q/L in an aqueous electrolyte with the composition 20 mM NaHC0 3 and 150 
mM NaCI was deoxygenated at 4° C by stirring the solution under continuously 
replaced pure nitrogen; 4 moles of sodium ascorbate per mole of hemoglobin 
were added (as a 1 molar solution in water) and were allowed to react for about i 
hours the solution was titrated to a pH of 5.7 with 2 molar lactic acid, 2 moles of 
inositol hexaphosphate per mole of hemoglobin were added (as a 0.25 molar 
solution in water); the mixture was titrated after approximately 1 hour to a pH ot 
6 3 with 2 molar lactic acid; 9.9 moles of glutaraldehyde per mole of hemoglobin 
were added (as an approximately 1.9% solution in deoxygenated water) over a 
period of 1 5 hours to crosslink the hemoglobin; 1 .8 L of water that had been 
equilibrated with nitrogen were added per liter of initial hemoglobin solution; the 
mixture was titrated after 20 hours to a pH of 6.9 with 0.5 molar sodium hydroxide 
solution- 17 moles of sodium borohydride per mole of hemoglobin were added (as 
a 1 molar solution in 0.01 molar sodium hydroxide solution) and were allowed to 
react for 15 minutes; 4 moles of methoxysuccinimidyi propionate-pdyethytene 
glycol with a molecular weight of 1000 g/mole were added (as an about 25 h 
solution in water) and were allowed to react for 1 hour, and finally the nitrogen 
atmosphere was replaced by pure oxygen and allowed to equilibrate for hour. 
Undissolved constituents were separated out by centrifugation (10 mm .at 
20 000 g), and the supernatant solution was filtered for further clarification through 
filters of decreasing pore size, down to 0.2 pm at the end 
MR 16: Sterile, high-purity porcine hemoglobin dissolved at f cancelation of 
262 a/L in an aqueous electrolyte with the composition 20 mM NaHC0 3 and ibu 
mM NaCI was deoxygenated at 4° C by stirring the solution under continuously 
replaced pure nitrogen; 4 moles of sodium ascorbate per mole of hemoglobin 
were added (as a 1 molar solution in water) and were allowed to react for about 
27 hours; the solution was titrated to a pH of 5.8 with 2 molar lactic ac.d; 2 moles 
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of inositol hexaphosphate per mole of hemoglobin were added (as a 0.25 molar 
solution in water); the mixture was titrated after approximately 1 .5 hour to a pH of 
6 5 with 2 molar lactic acid; 9.9 moles of glutaraldehyde per mole of hemoglobin 
were added (as an approximately 1.9% solution in deoxygenated water) over a 
period of 1 5 hours to crosslink the hemoglobin; 1.8 L of water that had been 
equilibrated with nitrogen were added per liter of initial hemoglobin solution; the 
mixture was titrated after 20 hours to a pH of 6.9 with 0.5 molar sodium hydroxide 
solution 17 moles of sodium borohydride per mole of hemoglobin were added (as 
a 1 molar solution in 0.01 molar sodium hydroxide solution) and were allowed to 
react for 1 .5 minutes; 4 moles of methoxysuccinimidyl propionate-polyethylene 
qlycol with a molecular weight of 1000 g/mole were added (as an about 25 /o 
solution in water) and were allowed to react for 1 hour; and finally the nitrogen 
atmosphere was replaced by pure oxygen and allowed to equilibrate for 1 hour. 
Undissolved constituents were separated out by centrifugation (10 mm at 
20,000 g), and the supernatant solution was filtered for further clarification through 
filters of decreasing pore size, down to 0.2 tun at the end. 
MR A-A: 3720 mL of MR 14 with 107 g of hemoglobin polymer, 3600 mL of MR 
15 with 115 g of hemoglobin polymer, and 3900 mL of MR 16 with 127 g of 
hemoglobin polymer were mixed and fractionated in several portions in an 
uSration system (Centramate from Pall-Filtron) at an average concentration of 
40 g/L over and through cellulose acetate membranes with a nominal molecular 
weight exclusion limit of 1 MDa, with the filtrate flow rate having i been adjusted by 
Halve to values below 50% of the maximum (the so-called water flow rate) and 
each toe using at least ten times the sample volume of diaf.ltrat.on solut.on (this 
contained sodium chloride at a concentration of 80 g/L) in a contmuous 
SSn mode for simultaneous solvent exchange. Finally, the retentates were 
concentrated and subsequently combined. 

ThSSvely separated fraction of the drug had a molar nw ^Jon 
with a number average of the molar masses of 230,000 g/mole and a weight 
averaqe of the molar masses of 993,000 g/mole. The drug thus obtained was 
Sa^aitoSraqueous solution, sufficiently low in endotoxin in accordance wrth 
Phar. Eur. of 80 g/L NaCl in WFI (water for injection). Its mass content was 58 
n/l and the dH of the preparation was 7.3. . 
f The animals were white laboratory rats with an average weight 

of approxi mately 350 g (the ra nge of body weights of all of the ten animate used 
was between 315 and 390 g), that were bred and maintained according to 
^Dlicabte animal protection laws. Until the day prior to the particular expenment. 
Sr^SftSSL to sufficient food; they could drink until just before init.at.on 
of the experiment. 

The following special methods of determination were used: 

1 Hemoglobin contents were measured photometrically using the Drabkin 
cyanohemoglobin method ('Hemoglobin Color Test MRP3 , Boehr.nger 
Snhlm Germany); pH values were measured potentiometncally (glass pH 
S )^ a blood gas analyzer ('ABL 5-, Radiometer 

2 The molecular weight distributions of the crossl.nked hemoglobins and their 
LraaeriSiTpSameters were determined by volume exclusion chromatography 
(Potzschke H et al. (1997): "Molar Masses and Structure in Solution of 

For the correctness of the translation 1 1 1 >atC 



.ertified translation of the German original 



Haemoglobin Hyperpolymers - A Common Calibration of Size Exclusion 
Chromatography of These Artificial Oxygen Carriers," Artificial Cells, Blood 
Substitutes, and Immobilization Biotechnology 25, 527 - 540) on Sephacryl S-400 
HR gel (Pharmacia Biotech, Freiburg, Germany). 

3. The oncotic pressures of aqueous solutions of the crosslinked hemobglobins 
were determined with membrane osmometers (Membrane Osmometer or Colloid 
Osmometer, Knauer, Berlin, Germany) using an aqueous saline solution (80 g/L 
NaCI and 0.2 g/L NaN 3 ) as solvent and cellulose acetate membranes with a 
nominal molar mass exclusion limit of 20,000 Da. 

Example of Embodiment 1 : Control Group 

Five laboratory rats were given systemic general anesthesia by intraperitoneal 
injection of 50 mg pentobarbital per kg of body weight. The depth of anesthesia 
was kept constant over time in the (surgical) tolerance state (the 3rd classical 
state of narcosis according to A. Guedel), by administering an additional 17 mg 
of pentobarbital per kg of body weight as a maintenance dose (circa every 90 
min) after each occurrence of an active pain reaction (retraction) to periodic 
pinching of a paw. The animals were given a venous catheter of PE tubing 
implanted in a jugular vein, and in the further course of the experiment, 
approximately 0.5 mL of an isotonic saline solution (90 g of NaCI per L of 
solution) was administered through this catheter intravenously every hour to 
maintain proper fluid balance. 

To produce acute toxic pulmonary edema, 48 uL of oleic acid per kg of body 
weight was administered uniformly to the animals intravenously over a period of 
three minutes. 

Figure 2 (left side) shows the survival times of the five animals, all of which died 
in less than four hours; four of them even in less than three hours (calculated 
from the time of injection of the oleic acid). 

Example of Embodiment 2: Treated Group 

Five other rats were treated as in Example of Embodiment 1 in exactly the same 
manner with the single exception that 2.5 mL of the preparation of chemically 
modified, high molecular weight, crosslinked hemoglobin (an HP 3 Hb, a pegylated 
porcine hemoglobin hyperpolymer - batch MR A-A) was administered to each of 
them intravenously 1 5 and 45 minutes after the intravenous administration of 
oleic acid. The average hemoglobin content of the blood plasma after the second 
administration was about 23 g/L, which then was slowly reduced (with a plasma 
half-life of about 1 8 hours). 

Figure 2 (right side) shows these five animals, which without exception survived 
longer than seven hours and were ultimately killed under anesthesia to end the 
experiment. 

Comparison of the survival times of the animals in the two experimental groups 
shows the enormous efficacy of the hemoglobin hyperpolymers in preventing the 
spontaneous lethality of toxic pulmonary edema induced here experimentally. 
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Summary 

Use of Hypo-oncotic Solutions of Hyperpolymeric Hemoglobins Which are 
Addable to the Blood for the Treatment of Pulmonary Edema 

This invention relates to the use of hypo-oncotic aqueous solutions of aqueous 
molecularly dispersed, chemically modified high molecular weight crosslinked 
hemoglobin, so-called hemoglobin hyperpolymers, for the symptomatic, primarily 
life-saving treatment of acute pulmonary edemas. Their administration is 
intravascular in particular. Surprisingly, additive administration can be performed, 
since pursuant to the invention the colloidal-osmotic (= oncotic) pressure of the 
blood is raised only slightly and the blood volume is therefore hardly increased at 
all. The administration pursuant to the invention is thus (almost) volume-neutral 
related to the blood into which injection is performed. Thus a hyperpolymeric 
hemoglobin derivative is used therapeutically for the first time as a blood additive 
for the treatment of pulmonary edema. 
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